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Battling multidrug-resistant organisms (MDROs) 
Spread in Three Steps

From Previous Webinars

1. Identify as many people as possible who are infected or colonized with 
MDROs in a region 

2. Have good baseline infection control practices and use the recommended 
infection control practices for people with MDROs in healthcare facilities 

3. Communicate to other facilities about people with known MDROs at 
transfer



Emerging Carbapenem-Resistant Organisms

Carbapenem-Resistant 
Enterobacterales

Multidrug-Resistant
Pseudomonas aeruginosa 

Carbapenem-Resistant 
Acinetobacter 

https://www.cdc.gov/drugresistance/pdf/threats-report/2019-ar-threats-report-508.pdf



hōƧŜŎǘƛǾŜǎ ƻŦ ¢ƻŘŀȅΩǎ ²ŜōƛƴŀǊ

ÁDefine common abbreviations

ÁDescribe carbapenem antibiotics

ÁDescribe types of pathogens and resistance mechanisms

ÁDescribe laboratory testing of carbapenem-resistant organisms



Attack of the abbreviations! 



MDROs

C. auris

CRE

CRPA

CRAB

MRSA VRE

ESBLs C. diff

Multidrug-resistant organisms

ÅMethicillin-resistant 
Staphylococcus aureus 
(MRSA)
ÅVancomycin-resistant 

Enterococci (VRE)
Åextended-spectrum 

beta-lactamases 
(ESBLs)
ÅClostridioidesdifficile 

(C. Diff)

ÅCandida auris (C. auris)
ÅCarbapenem-resistant 

Enterobacterales (CRE)
ÅCarbapenem-resistant 

Pseudomonas 
aeruginosa (CRPA)
ÅCarbapenem-resistant 

Acinetobacter 
baumannii (CRAB)



CRO versus CPO

ÅCRO: Carbapenem-Resistant Organism

ÅAny organism resistant to carbapenem 
antibiotics regardless of having a 
carbapenemase or not

ÅCPO: Carbapenemase-Producing Organism

ÅAny organism that produces a 
carbapenemase making them resistant 
to carbapenem antibiotics

ÅA special subset of Carbapenem-
Resistant Organisms

Carbapenem-resistant 
organisms (CRO)

Carbapenemase-
Producing Organisms

(CPO)



CRO versus CPO

ÁCarbapenem-Resistant Organisms (CRO)
ÅCRAB: Carbapenem-resistant Acinetobacter baumannii

ÅCRPA: Carbapenem-resistant Pseudomonas aeruginosa

ÅCRE: Carbapenem-resistant Enterobacterales
ÅExamples: Escherichia coli (E. coli) and Klebsiella pneumoniae

ÁCarbapenemase Producing Organisms (CPO)
ÅCP-CRAB: Carbapenemase-Producing Carbapenem-resistant 

Acinetobacter baumannii

ÅCP-CRPA:Carbapenemase-Producing Carbapenem-resistant 
Pseudomonas aeruginosa

ÅCP-CRE:Carbapenemase-Producing Carbapenem-resistant 
Enterobacterales



Common Carbapenemases

ÁKPCςKlebsiella pneumoniae carbapenemase

ÁNDM - New Delhi Metallo-beta-lactamase

ÁVIM - Verona Integron-Enconded Metallo-beta-lactamase

ÁIMP - active-on-imipenem metallo- -̡lactamase

ÁOXA- Oxacillinase

Highly 
drug-resistant



Carbapenem Antibiotics



Antibiotics

ÁDrugs that treat infections by killing or 
slowing the growth of bacteria

ÁTarget specific parts or processes of 
susceptible germs

ÁCommon targets

ÅCell wall or membrane 

ÅProtein synthesis

ÅDNA replication



-̡lactam Antibiotics

ÁCommonly prescribed antibiotics

ÁExamples

ÅPenicillins

ÅCephalosporins

ÅCarbapenems

ÁUsed to treat a wide range of bacterial infections

ÁTarget cell wall synthesis

-̡lactam Antibiotics



Carbapenem Antibiotics

Ertapenem ImipenemMeropenem



Carbapenem Place in Therapy

ÁAntibacterial agents with a broad range 
of antimicrobial activity and a critical 
place in therapy

ÁActive against many organisms that are 
resistant to other ̡ -lactam antibiotics

ÁIncreasingly important due to increase 
in resistance to other antibiotics

ÁRelied on to treat sickest patients and 
most resistant bacteria for over 20 years

The carbapenem antibiotic imipenem



Carbapenem use

ÁUtilized for different infections

ÅPneumonia

Å Intra-abdominal infections

ÅUrinary tract infections

ÅMeningitis

ÁOff-label use

ÅMost other sites of infection
The carbapenem antibiotic ertapenem



Carbapenem antibiotics 
summary

ÁImportant subset of the beta-lactam 
antibiotics  

ÁVersatile group of antibiotics with 
activity against many gram-positive and 
gram-negative organisms

ÁReserved for serious, resistant infections

ÁIncreasingly important due to increase 
in resistance to other antibiotics

The carbapenem antibiotic meropenem



Pathogens and Resistance



Antimicrobial Resistance is One of the Biggest 
Challenges of Our Time

https://www.cdc.gov/drugresistance/pdf/threats-report/2019-ar-threats-report-508.pdf

https://www.cdc.gov/drugresistance/pdf/threats-report/2019-ar-threats-report-508.pdf


Carbapenem resistance

ÁCarbapenem resistant organisms include organisms 
among the most urgent threats of antibiotic resistant 
organisms

ÁPrior to 2001, carbapenem resistance in clinical isolates 
was due to combination of acquired genes and 
mutations

ÁResistance used to be rare (~1%) and increased rapidly 
due to the spread of carbapenemases



Carbapenem resistance 
mechanisms

1. Acquired genes and mutations that 
change the cell to reduce how much 
carbapenem antibiotic gets in or stays 
in the bacterial cell

2. Enzymes called carbapenemases:

Å Inactivate carbapenems and other ̡-lactam antibiotics, 
including penicillins and cephalosporins

ÅMost common carbapenemase genes: 

ÅKPC, NDM, VIM, IMP, and OXA

ÅPan-resistant strains have been identified

The carbapenem antibiotic ertapenem



Mechanisms of CarbapenemResistance

Porin modification:  
Bacterial cell has fewer 
entry points (porins)
for carbapenem

Efflux pump upregulation:   
Bacterial cell adds efflux 
pumps to move carbapenem
out of the cell = carbapenem

= carbapenemase

Carbapenemase-producing:
Bacteria makes 
carbapenemase enzymes to 
inactivate the carbapenem



Carbapenem resistance mechanisms 

CRE Technical Information | CRE | HAI | CDC

Carbapenem-resistant 
organisms (CRO)

Non-Carbapenemase Mechanisms: 
Porin modification, Efflux pumps

Carbapenemase-
Producing Organisms

(CPO)

Carbapenemases:
KPC, NDM, VIM, IMP, OXA

https://www.cdc.gov/hai/organisms/cre/technical-info.html#Difference


Bacterial Resistance Mechanisms

Á Genetic code for some resistance 
mechanisms can be shared 

Å On mobile genetic elements 
such as plasmids

Å Across different strains, 
species, and taxonomic 
families

ÅWith strains that have not 
been exposed to antibiotics

Å Often with other antibiotic 
resistance genes

Å Potential for rapid spread



Resistant
K. pneumoniae

Plasmid-Mediated Resistance

= ̡ -lactamase*

= plasmid with ̡-
lactamase* gene

Horizontal gene transfer

Binary fission:
Vertical transmission

* -̡lactamase: Enzyme that 
inactivates ̡ -lactam antibiotics

Resistant E. coli
Susceptible 
K. pneumoniae




